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(57) The present invention provides a steel pipe 
haying a low yield ratio and is: a steel pipe having a low 
yield ratio, wherein the steel pipe contains, in mass, 0.01 
to 0.20°/o C, 0.05 to 1 .0% Si, 0.1 to 2.0% Mn and 0^001 . 
to 6.05% Al, the microstructure of the steel pipe is com- 
posed of ferrite and pearlite, or ferrite and cementite, 
and the average size of the ferrite grains is not smaller 
than 20 jim; and a steel pipe having a low yield ratio, 



wherein the steel pipe contains, in mass, 0.03 to 0.20% 
C, 0.05 to .1 .0% Si, 0.1 to 2.0% Mn, 0.001 to 0.05% Al, 
0.01 to 0.5%. Nb and 0.001 to 0.01% N, the microstruc- 
ture of the steel pipe is composed of ferrite and bainite, 
or ferrite, martensite and bainite, or ferrite and marten- 
site, and the average size of the ferrite grains is not 
smaller than 20 \xm. 
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Description 

[0001] The present invention relates to a steel pipe having a low yield ratio. 

[0002] It has been clarified recently that it is effective to use a steel material having a low yield ratio, as a structural 
5 member, to enhance the earthquake resistance of a building, in that sense, a steel pipe for a building is also requited 
to have a low yield ratio. 

This is because it is estimated that if the yield ratio of a steel pipe for a building is lower, the steel pipe will seldom 
rupture, even though it yields, and therefore Restructure is less likely to be destroyed. 

[0003] In the case of a line pipe, highly reliable impact resistance and earthquake resistance are required of a line 
10 pipe to avoid the leakage of a transported material such as petroleum or the bursting of the line pipe. In that sense, it 
is effective to use a steel pipe having a low yield ratio as a line pipe for greater safety. 

[0004] . In the meantime, with regard to a welded steel pipe, as a welded steel pipe undergoes the influence of cold- 
working such as bending, pipe expansion, drawing and so on. during pipe production, a welded steel pipe having the 
same low yield ratio as a steel sheet used as the mother material of the steel pipe cannot be obtained, in many cases. 
15 Therefore, to obtain a steel pipe having a low yield ratio, it is necessary to sufficiently lower the yield ratio of a steel 
sheet before it is used in pipe production. 

[0005] In JP-A-10-1 7980, a method is disclosed wherein, in the event of producing a welded steel pipe having a low 
yield ratio, a steel containing 1 to 3% Cr as an essential component is used as the base steel and the structure. of the 
steel is composed of a composite structure containing a soft ferrite phase and a hard bainite or martensite phase in a 

20 manner that is already known. 

[0006] In JP-A-2000-54061 , it is described that a steel material and a steel pipe made of the steel material, that have 
a low yield ratio at the ordinary temperature and are excellent in strength at a high temperature, can be obtained by 
controlling the C contained in the steel material to not more than 0.03%, preferably not more than 0.01 5%, making Nb 
exist in the state of solid solution and, further, properly controlling the microstructure of the steel material. 

25 [0007] In JP-A-2000-239972, it is described that a steel material and a steel pipe made of the steel material, that 
have a low yield ratio at the ordinary temperature and are excellent in strength at a high temperature, can be obtained 
by controlling the C contained in the steel material to not more than 0.02%, preferably not more than 0.015%, and 
adding Nb and Sn abundantly. 

[0008] The above-mentioned method of JP-A-1 0-1 7980 requires Cr of not less than 1 % as an essential component 
so jn order to secure a low yield ratio and a high strength simultaneously by forming a hard phase composed of a bainite 
phase or a martensite phase. However, the invention cannot provide a low cost steel pipe having a low yield ratio 
because Cr alloy is expensive. In addition, Cr tends to form oxides during welding and when Cr oxides remain at a 
weld-butting portion, the quality of a weld deteriorates. 

[0009] In the methods according to JP-A-2000-54061 and JP-A-2000-239972, a low yield ratio is secured by limiting 
35 the upper limit of C to not more than 0.03% and 0.02% respectively, preferably not more than 0.015%, and, by so doing, 
reducing the amount of solute G at the ordinary temperature. However, in such cases of reducing the C amount as 
described above, a high tensile strength is seldom obtained in a tensile test at the ordinary temperature. 
[0010] The object of the present invention is, by solving the above problems, to provide a steel pipe having a low 
yield ratio, and the gist thereof is as follows: 

40 

(1) A steel pipe having a low yield ratio, characterized in that: the steel pipe contains, in mass, 0.01 to 0.20% C, 
0.05 to 1.0% Si, 0.1 to 2.0% Mn and 0.001 to 0.05% Al, with the balance consisting of Feand unavoidable impurities; 
the microstructure of the steel pipe is composed of ferrite and additionally one or both of pearlite and cementite; 
and the average size of the ferrite grains is not smaller than 20 urn. 
45 (2) A steel pipe having a low yield ratio according to the item (1), characterized in that the microstructure of the 

steel pipe contains spheroidized pearlite or spheroidized cementite. 

(3) A steel pipe having a low yield ratio according to the item (2), characterized in that the average size of pearlite 
grains or cementite crystal grains is not larger than 20 u,m. 

(4) A steel pipe having a low yield ratio according to any one of the items (1 ) to (3), characterized in that the steel 
50 pipe contains, in mass, one or both of 0.01 to 0.5% Nb and 0.001 to 0.01% N. 

(5) A steel pipe having a low yield ratio, characterized in that: the steel pipe contains, in mass, 0.03 to 0.20% C, 
0.05 to 1.0% Si, 0.1 to 2.0% Mn, 0.001 to 0.05% Al, 0.01 to 0.5% Nb and 0.001 to 0.01% N, with the balance 
consisting of Fe and unavoidable impurities; the microstructure of the steel pipe is composed of ferrite and bainite; 
and the average size of the ferrite grains is not smaller than 20 um 

55 (6) A steel pipe having a low yield'ratio according to the item (5), characterized in that the content rate of bainite 

is, in volume fraction, in the range from 1 to 15%. 

(7) A steel pipe having a low yield ratio, characterized in that: the steel pipe contains, in mass, 0.03 to 0.20% C, 
0.05 to 1.0% Si, 0.1 to 2.0% Mn, 0.001 to 0.05% Al, 0.01 to 0.5% Nb and 0.001 to 0.01% N, with the balance 
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consisting of Fe and unavoidable impurities; the microstructure of the steel pipe is composed of ferrite, martensite 
and bainite, or ferrite and martensite; and the average size of the ferrite grains is not smaller than 20 jjjti. 

(8) A steel pipe having a low yield ratio according to the item (7), characterized in that the content rate of bainite 
is, in volume fraction, in the range from 1 to 15% and/or that of martensite is, in volume fraction, in the range from 
1 to 15%. 

(9) A steel pipe having a low yield ratio according to any one of the items (1 ) to (8), characterized in that the steel 
pipe contains, in mass, one or both of 0.005 to 0.1% 71 and 0.0001 to 0.005% B. 

(1 0) A steel pipe having a low yield ratio according to any one of the items (1 ) to (9), characterized in that the steel 
pipe contains, in mass, one or more of 0.01 to 0.5% V, 0.01 to 1% Cu, 0.01 to 1% Ni, 0.01 to 1% Cr and 0.01 to 
1%Mo. 

THE MOST PREFERRED EMBODIMENT 

[001 1] The feature common to the whole present invention is that the microstructure of a steel pipe is composed of 
a structure containing ferrite and the average size of the ferrite grains is not smaller than 20 u-m. As a yield stress is 
proportioned to (grain size)- 1/2 according to Hall-Petch's Law, a yield stress and a yield ratio increase as a grain size 
decreases. In contrast with this, a yield stress and a yield ratio decrease as a grain size increases. The present invention, 
based on the above fact, has made it clear that, when the average size of ferrite grains contained in. a microstructure 
is not smaller than 20 urn, a yield stress lowers and as a result a low yield ratio can be obtained even with a steel pipe 
after subjected to pipe production processes. An average size of ferrite grains is preferably. not smaller than 30 jam, 
still preferably not smaller than 40 uih. 

[0012] . The average size of grains including ferrite grains is measured in accordance. with. the method described ip 
the Appendix 1 of JIS G 0552; In the case of martensite or bainite, the size of prior austenite grains is measured and 
it is recommended to conform to the Appendix 3 of JIS G 0551 . v 
[001 3] It is p'ref enable th at the content rate of ferrite in a microstructure is in the range from 70 to 98% . The reason . 
is ; that; when the content rate of ferrite is less th'an'70%; a yield stress cannot be lowered sufficiently evenfwith a ferrite 
grain size increased and therefore a low yield, ratio cannot be obtained. However, when the content rate of ferrite 
exceeds 98%, .the tensile strength of a steel, lowers and therefore a low yield ratio cannot be obtained likewise! It is 
still preferable. that trie content rate of ferrite is in the range from 75 to 95%. 

[0014]' Here; the content rate of ferrite, bainite or martensite in a microstructure in the present invention means a 
volume traction of ferrite, bainite or martensite in the microstructure, respectively. 

[0015] In conventional hot rolling of a steel sheet used for producing a steel pipe having a low yield ratio, the steel 
sheet has been rolled in the temperature range from a temperature of the y phase region to. a lower "side temperature 
of the two-phase region after it is heated to a ternperature of the y phase region. Therefore, it has been impossible to 
make the average ferrite grain size not smaller than 20 urn. The present invention has made' it possible to: finish rolling 
in the temperature range from a temperature of the y phase region to a higher side temperature of the two-phase region 
after a steel is' heated to a temperature of the y phase region; thus suppressing the fraction ization of grains; and, as a 
result, produce a steel having an average ferrite grain size of not smallerthan 20 p.m. It is possible to make the average 
ferrite grain size not smallerthan 20 ujn by controlling a cooling rate to not more than 1 0°C/sec. up to the temperature 
of the Ar., point + 50°C after the end of hot rolling. 

[0016] Furthermore, it is possible to make the average ferrite grain size not smaller than 30 or even 40 p.m by con- 
trolling a temperature at the end of hot rolling, a cooling rate after the end of hot rolling, and so on. 
[001 7] The present invention is constituted of: the first invention wherein a microstructure is composed of ferrite and 
additionally one or both of peariite and cementite; the second invention wherein a microstructure is composed of ferrite 
and bainite; and the third invention wherein a microstructure is composed of ferrite, martensite and bainite, or ferrite 
and martensite. Each invention is hereunder explained in detail. 
[0018] The first invention is explained hereunder. 

[0019] In the first invention, a microstructure is composed of ferrite and additionally one or both of peariite and ce- 
mentite. That means that the microstructure' is a structure that contains ferrite as an essential phase and additionally 
one or both of peariite and cementite. As a result of composing such a structure, a steel pipe having a low yield ratio 
and a tensile strength.of 500 to 600 M Pa can be produced. 

[0020] The reasons for limiting the chemical components in the first invention are explained hereunder. 
[0021 ] C is an element that precipitates as solid solution or carbides in a matrix and enhances the strength of a steel. 
Further, C precipitates also as the second phase composed of cementite and peariite. Therefore, in the event of forming 
a hot-rolled steel sheet into a steel pipe by cold forming, C suppresses the increase of a yield stress or proof stress, • 
enhances tensile strength and uniform elongation, and resultantly contributes to the lowering of a yield ratio. C is 
required to be contained at not less than 0.01%, preferably not less than 0.04%, for securing the effect of cementite, 
etc. precipitating as the second phase on the lowering of a yield ratio. However, when C is contained in excess of 
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0.20%, the effect of lowering a yield ratio and weldability deteriorate. For these reasons, a C content is limited to the 
range from 0.01 to 0.20%. 

[0022] Si functions as a deoxidizer and enhances the strength of a steel by dissolving in a matrix. The effect appears 
with a Si content of not less than 0.05%. On the other hand, when Si exceeds 1 .0%, the effect of lowering a yield ratio 

5 deteriorates. For these reasons, the Si content is limited to the range from 0.05 to 1 .0%. 

[0023] Mn is an element that enhances the strength of a steel and accelerates the precipitation of cementite or 
pearlite composing the second phase. The effects appear with a Mn content of not less than 0.1%. On the other hand, 
when Mn is contained in excess of 2.0%, the effect of lowering a yield ratio deteriorates. For these reasons, the Mn 
content is limited to the range from 0.1 to 2.0%. Here, from the viewpoint of strength and toughness, it is preferable 

10 that the Mn content is in the range from 0.3 to 1 .5%. 

[0024] Al is used as a deoxidizer but the amount of Al significantly influences a grain size and mechanical properties. 
An Al content of less than 0.001% is insufficient as a deoxidizer. On the other hand, when Al exceeds 0.05%, oxides 
containing A1 increase in a steel and deteriorate toughness. For these reasons, the Al content is limited to the range 
from 0.001 to 0.05%. 

15 [0025] A microstructure composed of ferrite and additionally one or both of pearlite and cementite according to the 
first invention is obtained by: finishing rolling in the temperature range from a temperature of the y phase region to a 
higher side temperature of the 7^0: two-phase region after a steel is heated to a temperature of the y phase region; 
thereafter cooling the steel at a cooling rate of not more than 10°C/sec. up to the temperature of the Ar, point + 50°C; 
and successively cooling the steel at a cooling rate of not less than 3°C/sec. in the temperature range not higher than 

20 the temperature of the A^ point + 50 °C. 

[0026] I n the first invention, it is preferable that a microstructure further contains spheroidized pearlite or spheroidized 
cementite. The reason is that, when such a structure is contained, the increase of a yield ratio can be suppressed in 
the event of forming a steel sheet into a steel pipe. In addition, spheroidized pearlite or spheroidized cementite has 
the effect of improving uniform elongation. 

25 [0027] It can be determined whether pearlite or cementite is spheroidized or not by defining pearlite or cementite as 
it is spheroidized when an aspect ratio between the length and the width of the second phase is not more than 2 in a 
section parallel with the rolling direction. 

[0028] The spheroidization of pearlite or cementite can be done by: heating a steel material to a temperature in the 
range of 1 ,150°C ± 50° C; thereafter finishing the hot rolling of the steel material at a temperature of not lower than the 

30 a^ point and thus producing a steel strip about 10 mm in thickness to which strain (dislocation) is introduced; and 
successively cooling the steel strip at a cooling rate of 3 to 30°C/sec. up to a temperature of not higher than 700°C, 
then coiling it, and, in the meantime, precipitating cementite or pearlite at grain boundaries or on dislocations. 
[0029] Further, in the first invention, it is preferable that the average size of pearlite grains or cementite grains is not 
larger than 20 urn The reason is that, by so doing, the increase of a yield ratio can be suppressed in the event of 

35 forming a steel sheet into a steel pipe. 

[0030] An average pearlite grain size of not larger than 20 urn can be obtained by controlling the cooling rate to not 
less than 3°C/sec. in the temperature range not higher than the temperature of the Ar-j point + 50°C after the end of 
hot rolling. 

[0031] Still further, in the first invention, it is preferable that a steel pipe contains one or both of 0.01 to 0.5% Nb and 
40 0.001 to 0.01% N. Nb is an elementthat precipitates as solid solution or carbonitrides in a matrix and enhances strength, 

* 

and therefore Nb is required to be contained by at least 0.01%. However, even though Nb is excessively added in 
excess of 0.5%, the effect is saturated and a sufficient strengthening effect is not secured or, instead, precipitates 
coarsen and toughness deteriorates. For these reasons, a Nb content is limited to the range from 0.01 to 0.5%. N 
exists as solid solution or nitrides in a matrix. A N content of not less than 0.001% is required for forming nitrides that 
45 contribute to the strengthening of a steel. However, when N is added in excess of 0.01%, coarse nitrides tend to form 
and deteriorate toughness. For these reasons, the N content is limited to the range from 0.001 to 0.01%. 
[0032] Next, the second invention is explained hereunder. 

[0033] In the second invention, a microstructure is composed of ferrite and bainite. As a result of composing such a 
structure, a steel pipe having a low yield ratio and a tensile strength of 600 to 700 MPa can be produced. 

50 [0034] The reasons for limiting the chemical components in the second invention are explained hereunder. 

[0035] C is an elementthat precipitates as solid solution or carbides in a matrix and enhances the strength of a steel. 
C is required to be contained by not less than 0.03% because the strengthen a steel material of a heavy thickness is 
insufficient with the content of less than 0.03%, preferably C is requited to be contained by not less than 0.05%. How- 
ever, when C is contained in excess of 0.20%, weldability deteriorates. Forthese reasons, a C content is limited to the 

55 range from 0.03 to 0.20%. 

[0036] Si functions as a deoxidizer and enhances the strength of a steel by dissolving in a matrix. The effect appears 
with a Si content of not less than 0.05%. On the other hand, when Si exceeds 1 .0%, the toughness of a steel material 
deteriorates. For these reasons, the Si content is limited to the range from 0.05 to 1.0%. 
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[0037] Mn is an element that enhances the strength of a steel and the effect appears with a Mn content of not less 
than 0.1%. A preferable content of Mn is not less than 0.3%. However, when Mn is contained in excess of 2.0%, 
toughness deteriorates caused by center segregation. For these reasons, the Mn content is limited to the range from 
0.1 to 2.0%. Here, from the viewpoint of strength and toughness, it is preferable that the Mn content is in the range 
from 0.3 to 1 .5%. 

[0038] Al is used as a deoxidizer but the amount of Al significantly influences a grain size and mechanical properties. 
An Al content of less than 0.001% is insufficient as a deoxidizer. On the other hand, when Al exceeds 0.05%, oxides 
containing Al increase in* a steel and deteriorate toughness. For these reasons, the Al content is limited to the range 
from 0.001 to 0.05%^/ 

[0039] Nb is an element that precipitates as solid solution or carbon itrides in a matrix and enhances strength, and 
therefore Nb is required to be contained by at least 0.01%. However, even though Nb is excessively added in excess 
of 0.5%, the effect is saturated and a sufficient strengthening effect is not secured, or instead, precipitates coarsen 
and toughness deteriorates. For these reasons, a Nb content is limited to the range from 0.01 to 0.5%. 
[0040] N exists as solid solution or; nitrides in a matrix. A N content of not less than 0.001% is required for forming 
nitrides that contribute to the strengthening of a steel. However, when N is added in excess of 0.01%, coarse nitrides 
tend to form and deteriorate toughness. For these reasons, the N content is limited to the range from .0.001 to 0.01%. 
[0041] A microstructure containing bainite according to the second invention is obtained by: heating a steel material 
to a temperature in the range of 1 , 1 50°C. ± 1 00°C; thereafter hot rolling the steel material into a steel strip about 1 0 
mm in thickness; thereafter cooling the steel strip at a cooling rate of not more than 10°C/sec. up to the temperature 
of the AN point + 50°C and thus causing ferrite transformation; successively, cooling the steel strip at a cooling rate of 
not jess' than 5°b/sec.* in the temperature "range not higher than the temperature of the A^ point + 50°C and thus 
forming bairiite; and coiling the steel strip' In the temperature* range of. not higher than J500?C. , '. / 
[0042] In the. second invention, it is preferable. that. the' content rate of bainite Js in the range from. 1 to 15%. The 
reason* is' that, in. a composite structure of ferrite and bainite, though the effect of lowering the increment of a yield ratio 
(YR) appears' dur]^ pipe when a bainite content .rate' jsjn the rahge from 1 to 15%,. the effect 

does^hot a^ and the YR increases with a bainite content rate of more 

than i15%. For these reaso is limited to the range ;f rpm^l .".to..1 5%..^ .'■';. K - " 

[66^]" " X' b&init^rahtent'h^e iiY the range from\i'to-"l5% can be obtained by &ntrblling the. cop ling rates up to the' 
temperatu/e r of'the An, point + 50°C arid in the temperature range not higher than the temperature pf the Ar^ point + 
50°C to.ttie afdrernehtibned conditions. If the cooling rates deviate from the aforementioned conditions, a bain ite content 
nitie : rises' or pearl jte'.comlSs'to be! contained abundantly. ' , . , J \ . £ , . t . ri 

[0044] Note that a very small amount of pe'arlite or cementite may be contained in a composite structure of ferrite 
and bainite as far as the amount is in the range where the effect of lowering, the Increment of a yield ratio during the 
forming of a steel pipe is riot hindered. l . ^ . 1 

[0045] Further; in the second invention,, it is preferable that the average size of bainite grains is in the.range from 1 
to 20 p.m. The reason is that, by so doing \ the incrernerit of a yield ratio during the forming. of a steel pipe can be lowered. 
[0046] Next, the third invention is explained hereunder. , *\ 

[0047] In thethiFid invention, a microstructure is comjDOsed of ferrite, martens ite and bainite, orferrite and martensite. 
As' a result of composing such a structure, a steel pipe having a low yieid ratio and a tensile strength of 700 to 800 
M Pa can be produced. 

[0048] The reasons for limiting the chemical components in the third invention are explained hereunder. 
[0049] C is an element necessary for: precipitating as solid solution or carbides in a matrix and thus securing strength; 
and forming a hard phase of bainite and martensite and thus securing a low yield ratio. When a C content is less than 
0.03%, a hard phase' of bainite and martensite is not formed and thus a low yield ratio is not secured. Therefore, the 
C content not less than 6.03% is necessary. A preferable content thereof is not less than 0.05%. However, when C is 
contained in excess of 0.20%, weldability and.toughness deteriorate. For these reasons, the C content is limited to the 
range from 0.03 to 0.20%. 

[0050] Si functions as a deoxidizer and enhances the strength of a steel by dissolving in a matrix. The effect appears 
with a Si content of not less than 0.05%' 'On the other hand, when Si exceeds 1 .0%, the toughness of a steel material 
deteriorates. For these reasons, the Si content is limited to the range from 0.05 to 1 .0%. 

[0051] Mn is an element that enhances the strength of a steel and the effect appears with a Mn content of not less 
than 0.1%. A preferable content of Mn is not less than 0.3%. However, when Mn is contained in excess of 2.0%, 
toughness deteriorates caused by center segregation. For these reasons, the Mn content is limited to the range from 
0.1 to 2.0%. Here, from the viewpoint of strength and toughness, it is preferable that the Mn content is in the range 
from 0.3 to 1.5%. * ' 

[0052] Al is used as a deoxidizer but the amount of Al significantly influences a grain size and mechanical properties. 
An Al content of less than 0.001% is insufficient as a deoxidizer. On the other hand, when Al exceeds 0.05%, oxides 
containing Al increase in a steel and deteriorate toughness. For these reasons, the Al content is limited to the range 
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from 0.001 to 0.05%. 

[0053] Nb is an element that precipitates as solid solution or carbon it rides in a matrix and enhances strength, and 
therefore Nb is required to be contained by at least 0.01%. However, even though Nb is excessively added in excess 
of 0.5%, the effect is saturated and a sufficient strengthening effect is not secured or, instead, precipitates coarsen 

5 and toughness deteriorates. For these reasons, a Nb content is limited to the range from 0.01 to 0.5%. 

[0054] N exists as solid solution or nitrides in a matrix. A N content of not less than 0.001 % is required for forming 
nitrides that contribute to the strengthening of a steel. However, when N is. added in excess of 0.01%, coarse nitrides 
tend to form and deteriorate toughness. Forthese reasons, the N content is limited to the range from 0.001 to 0.01%. 
[0055] A microstructure composed of ferrite, martensite and bainite, or ferrite and martensite according to the third 

10 invention is obtained by: heating a steel material to a temperature in the range of 1 ,150°C ± 100°C; thereafter hot 
rolling the steel material into a steel strip about 1 0 mm in thickness and finishing the hot rolling at a temperature of not 
lower than the Ar 3 point; thereafter cooling the steel strip at a cooling rate of not more than 10°C/sec. up to the tem- 
perature of the Ar 1 point + 50°C and thus causing ferrite transformation; successively cooling the steel strip at a cooling 
rate of not less than 1 0°C/sec. up to a temperature of not higher than 600°C, preferably 500°C, still preferably 450°C, 

is in the temperature range not higher than the temperature of the An, point + 50°C and thus forming bainite and/or 
martensite; and coiling the steel strip. 

[0056] In the third invention, it is preferable that the content rate of bainite is in the range from 1 to 1 5% and/or the 
content rate of martensite is in the range from 1 to 15%. The reason is that, in a composite structure of ferrite and 
bainite and/or martensite, though the effect of lowering the increment of a yield ratio appears during the forming of a 
20 steel pipe when the content rate of bainite is in the range from 1 to 1 5% and/or the content rate of martensite is in the 
range from 1 to 1 5%, the effect does not appear with a bainite or martensite content rate of less than 1 % and the YR 
increases with a bainite or martensite content rate of more than 15%. For these reasons, the content rate of bainite 
and/or that of martensite are limited to the range from 1 to 15%, respectively. 

[0057] A bainite and/or martensite content rate in the range from 1 to 1 5% can be obtained by controlling the cooling 
rates up to the temperature of the Ar-, point + 50°C and in the temperature range not higher than the temperature of 
the A^ point + 50°C to the aforementioned conditions. If the cooling rates deviate from the aforementioned conditions, 
a bainite or martensite content rate rises or pearlite comes to be contained abundantly. 

[0058] Now the reasons for limiting the preferable chemical components common to the first through third inventions 
are explained hereunder. 

[0059] Ti is an element that has the effect of improving weldability and the effect is recognized with a Ti content of 
not less than 0.005%. However, when Ti is added in excess of 0.1 %, the deterioration of workability and an unnecessary 
increase of strength are caused by the increase of Ti carbo nitrides. For these reasons, the Ti content is limited to the 
range from 0.005 to 0.1%. 

[0060] B causes grain boundary strengthening and precipitation strengthening by precipitating in the forms of M 23 
(C, B) 6 , etc. and thus increases strength. The effect is low with a B content of less than 0.0001%. On the other hand, 
when the B content exceeds 0.005%, the effect is saturated, a coarse B-contained phase tends to form, and enbrittle- 
ment is likely to occur. For these reasons, the B content is limited to the range from 0.0001 to 0.005%. 
[0061] V increases strength as a precipitationstrengthening element. The effect is insufficient with a V content of less 
than 0.01 %. On the other hand, when a V content exceeds 0.5%, not only carbonitrides coarsen but also the increment 
of yield strength increases. For these reasons, the V content is limited to the range from 0.01 to 0.5%. 
[0062] Cu is an element that increases strength. When a Cu content is less than 0.01%, the effect is low. On the 
other hand, when Cu is added in excess of 1%, the increment of yield strength increases. Forthese reasons, the Cu 
content is limited to the range from 0.01 to 1%. 

[0063] Ni is an element that increases strength and also is effective for improving toughness. When a Ni content is 
45 less than 0.01%, the effect of improving toughness is low. On the other hand : when Ni is added in excess of 1%, the 
increment of yield strength increases. For these reasons, the Ni content is limited to the range from 0.01 to 1%. 
[0064] Cr increases strength as a precipitationstrengthening element. The effect is insufficient with a Cr content of 
less than 0.01%. On the other hand, when the Cr content exceeds 1%, not only carbonitrides coarsen but also the 
increment of yield strength increases. Forthese reasons, the Cr content is limited to the range from 0.01 to 1%. 
[0065] Mo causes solid solution strengthening and at the same time increases strength. When a Mo content is less 
than 0.01%, the effect is low. On the other hand, when Mo is added in excess of 1%, the increment of yield strength 
increases. Forthese reasons, the Mo content is limited to the range from 0.01 to 1%. 

[0066] A steel according to the present invention can be provided in the forms of not only a steel pipe produced by 
cold-forming a hot-rolled steel sheet but also a steel plate and a steel sheet. Further, as an example of a product 
produced by cold-working a steel according to the present invention, an electric resistance welded steel pipe is nom- 
inated. With regard to the effects of the present invention, the effect of lowering a yield ratio is prominent when a low 
strain pipe forming method is employed. 
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EXAMPLE 

Example 1 ' 

[0067] Example 1 relates to the first invention. . 

[0068] Steels having the components shown in Table 1* were produced into continuously cast slabs and then the 
slabs were hot rolled into steel sheets 10 mm' in thickness. In the hot-rolling process: the slabs were heated to a 
temperature of 1,150°C; thereafter the hot rolling was finished at a temperature of 900°C (Ar, point +- 170°C) and thus 
strain (dislocation) was introduced; successively the steel sheets were cooled at the cooling rates in the range from 5 
to 1 5°C/sec. up to a temperature of not higher than 700°C; and then the steel, sheets were coiled. 
[0069] The microstructures. of the steel sheets are shown in Table 2. the tensile properties of a steel sheet were 
evaluated by using an as-rolled specimen of the steel sheet to which no working was applied and a specimen thereof 
to which 5%-p restrain i was applied.- 5%-prestrain corresponds to the cold-working applied for forming a steel sheet 10 
mm in thickness into a steel pipe 200 mm indiameter.' In general, prestrain is applied so as to equal the value of t (steel 
pipe thickness)/D (steel pipe diameter) with respect to a steel pipe to be produced. 

The prestrain was.given by the method wherein a tensile test specimen was pulled with a tensile tester and the pulling 
was stopped at the time when the strain reached 5%. The tensile properties evaluated were YS (yield strength), TS 
(tensile strength) and YR (yield ratio). The results of the evaluation are shown in Table 2. ; *" 
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[0070] In the cases of the invention examples Symbols A-1 to G-1, the steel components were within the ranges 
specified in the present invention and any of the average ferrite grain sizes was not smaller than 20 um The yield 
ratios (YRs) of the 5%-prestrain specimens were in the range from 71 to 89%. In the cases of Symbols B-1 , D-1 and 
G-1 wherein pearlite or cementite was spheroidized, the YRs of the 5%-prestrain specimens were lower than the other 
s specimens. 

[0071] In the cases of the comparative examples Symbols H-1 to 0-1 , any of the steel components deviated from 
the ranges specified in the present invention. The average ferrite grain sizes were smaller than 20 \im in the cases of 
Symbols J-1 , L-1 , M-1 and 0-1 . These were the examples wherein YRs increased because YSs increased after 5%- 
prestrain was imposed. There were no cases where cementite or pearlite was spheroidized and, in the cases of Symbols 

10 H-1 to K-1 , M-1 and N-1 , the average grain sizes of the cementite or pearlite were outside the preferable range of not 
larger than 20 pm. These were the examples wherein pearlite or cementite that composed the second phase grew 
larger because the cooling rates were less than 3°C/sec. in the temperature range of not higher than An, point + 50° C 
after the end of hot rolling. Here, the yield ratios (YRs) of the 5%prestrain specimens were in the range from 91 to 
98%. These were the examples wherein YSs increased and thus YRs increased because the grain sizes of cementite 

15 or pearlite that composed the second phase were large and therefore the cementite or pearlite grains acted as resist- 
ance to deformation when 5%-prestrain was imposed. 

Example 2 

20 [0072] Example 2 relates to the second invention. 

[0073] Steels having the components shown in Table 3 were produced into continuously cast slabs and then the 
slabs were hot rolled into steel sheets 10 mm in thickness. In the hot-rolling process: the slabs were heated to a 
temperature of 1,150°C; thereafter the hot rolling was finished at a temperature of 900°C (Ar, point +■ 170°C); the steel 
sheets were cooled at the cooling rate of 5°C/sec. up to a temperature of 780°C (Ar-, point + 50°C) and thus ferrite 

25 transformation was caused; successively the steel sheets were cooled at the cooling rate of 20°C/sec. in the temper- 
ature range of not higher than 780°C (Ar-j point + 50°C) and thus bainite was formed; and then the steel sheets were 
coiled in the temperature range from 500°C to 600°C. 

[0074] The microstructures of the steel sheets are shown in Table 4. The tensile properties of a steel sheet were 
evaluated by using an as-rolled specimen of the steel sheet to which no working was applied and a specimen thereof 
30 to which 5%-prestrain was applied. 5%-prestrain corresponds to the cold-working applied for forming a steel sheet 1 0 
mm in thickness into a steel pipe 200 mm in diameter. 

[0075] In general, prestrain is applied so as to equal the valve of t (steel pipe thickness)/D (steel pipe diameter) with 
respect to a steel pipe to be produced. The method of imposing prestrain and the conditions of the tensile tests were 
the same as Example 1 . The results of the evaluation are shown in Table 4. 
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[0076] In the cases of the, invention examples. Symbols A-2 to F-2, the steel components were within the ranges 
specified in the present invention, any of the structures was composed of ferrite and bainite, any of the average ferrite 
grain sizes was not smaller than 20 ujti, and the content rates of bainite were in the preferable range of not more than 
15%. The yield ratios (YRs) of the 5%prestrain specimens were in the range from 71 to 79%. In the cases where the 
content rates of bainite were high, though both YSs and TSs increased after 5%-prestrain was imposed, the increment 
of YSs was small in comparison with that of TSs and therefore YRs in those cases were lower than YRs in the cases 
where the content rates of bainite were low. 

[0077] In the cases of the comparative examples Symbols H-2 to 0-2, any of the steel components deviated from 
the ranges specified in the present invention. In the cases of Symbols H-2, J-2, L-2. and 0-2, the crystal structures were 
composed of ferrite andpeariite. Pearlite was formed since the cooling rates were less than 5°C/sec. in the temperature 
range of not higher than Ar 1 point + 50°C. In the cases of Symbols H-2, L-2 and 0-2, the average ferrite grain sizes 
were less than 20 ujti. This meant that the average ferrite grain sizes reduced because the cooling rates were more 
than 10°C/sec. up to a temperature of An point + 50°C after the end of hot rolling. In any cases of Symbols I-2, K-2, 
M-2 and N-2 where the structures were composed of ferrite and bainite, the content rates of bainite exceeded 15%; 
the upper limit of the preferable range: This was because the cooling after the end of hot rolling was commenced from 
a temperature higher than An point 4- 50°C and, as a result, ferrite transformation did not proceed and thus the content 
rates of bainite increased. The yield ratios (YRs) of the 5%-prestrain specimens were in the range from 90 to 96%. 
YSs and TSs were higher in the cases of high bainite content rates than in the cases of-low bainite content rates. 

...... ... . 

Example 3 

\ ■ ' 

[0078] Example 3 relates to the third invention/ 

[0079] Steels having the components shown in Table 5 were produced into continuously cast slabs and then the 
slabs were hot rolled intorste'eTsheeM^P' mm 'in thickness. In the hot-roll ihjg' process: the slabs were heated to a 
temperature of 1 ,150°C; there^fterthe hot rojirig was finished at a temperature of 9o6°C (Aft point ■+- 1 70°C); the steel 
sheets were cooled at.l^ atemperatu^ and thus ferrite 

transformation was caused; ^ at the cooling rate^of 30°C/secl in the temper- 

ature range of not higher than 780 o C (Arf point tsOfC) and thus bainite and/or martensite, were/was formed; and then 
the steel sheets were coiled imthe temperature range from 400° C to 500?C. V ] "'i I; 

[0080] The microstructur es of the, steei sheets Jare- shown in Table > 6. T heTtensjlV properties of a steel sheet were 
evaluated by using an as-rolfed specimen of theTsteef sheet to which nofworking was applied and a specimen thereof 
to which 5%-prestrain was applied. 5%-Prestrain corresponds to the cold-working apjDlied-f or forming a steel sheet 1 0 
mm in thickness into a steel pipe 20u mm in diameter. In general, prestrain is applied so as to equal the value of t (steel 
pipe thickness)/D (steej pipe diameter) with respect to a steel pipe to be produced. The prestrain was given by the 
method wherein a tensile test specimen was pulled with a tensile tester and the pulling was stopped at the time when 
the strain reached 5%. The conditions of the tensile tests were the same as Example 1 . The results of the evaluation 
are shown in Table 6. 
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* 

[0081] In the cases of the invention examples Symbols A-3 to F-3, the steel components were within the ranges 
specified in the present invention, any of the structures was composed of ferrite and martensite, or ferrite, bainite and 
martensite, any of the average ferrite grain sizes was not smaller than 20 u.m, and the bainite content rates and the 
martensite content rates were in the preferable range of not more than 1 5%. The yield ratios (YRs) of the 5%-prestrain 

s specimens were in the range from 83 to 86%. 

[0082] In the cases of the comparative examples Symbols H-3 to 0-3, any of the steel components deviated from 
the ranges specified in the present invention. The structures were composed of ferrite in the case of Symbol H-3, and 
of ferrite and pearlite in the case of Symbol 0-3. whereas, in the case of Symbol 0-3, pearlite formed because the 
cooling rate was less than 5°C/sec. in the temperature range of not higher than Arj point + 50°C, in the case of Symbol* 

to H-3, single ferrite phase formed because the C content was as low as 0.005% in addition to the influence of the low 
cooling rate similar to the case of Symbol 0-3. in the cases other than Symbols K-3, M-3 and N-3, the average ferrite 
grain sizes were less than 20 ujti. This meant that the average ferrite grain sizes reduced because the cooling rates 
were more than 1 0°C/sec. up to a temperature of An, point +- 50°C after the end of hot rolling. In any cases of Symbols 
I-3, J-3, K-3, L-3, M-3 and N-3 where the structures contained martensite and bainite, the bainite content rates and 

'5 martensite content rates exceeded 15%; the upper limit of the preferable range. . This was because the cooling after 
the end of hot rolling was commenced from a temperature higher than point + 50°C and, as a result, ferrite trans- 
formation did not proceed and thus the bainite content rates or the martensite content rates increased. The yield ratios 
(YRs) of the 5%-prestrain specimens were in the range from 93 to 95%. 

[0083] The present invention makes it possible to: reduce the production cost of a low yield ratio steel pipe by sup- 
x> pressing the Cr content; enhance tensile strength at the ordinary temperature by suppressing the formation of Cr oxides 
that deteriorate the quality of a weld and raising the upper limit of the C content; and thus obtain a low yield ratio steel 
pipe. 



25 Claims 

1. A steel pipe having a low yield ratio, characterized in that: the steel pipe contains, in mass, 0.01 to 0.20% C, 
0.05 to 1 .0% Si, 0.1 to 2.0% and 0.001 to 0.05% A1 , with the balance consisting of Fe and unavoidable impurities; 
the microstructure of the steel pipe is composed of ferrite and additionally one or both of pearlite and cementite; 

30 and the average size of the ferrite grains is not smaller than 20 um 

2. A steel pipe having a low yield ratio according to claim 1, characterized in that the microstructure of the steel 
pipe contains spheroidized pearlite or spheroidized cementite. 

35 3. A steel pipe having a low yield ratio according to claim 2, characterized in that the average size of pearlite grains 
or cementite grains is not larger than 20 urn. 

4. A steel pipe having a low yield ratio according to any one of claims 1 to 3, characterized in that the steel pipe 
contains, in mass, one or both of 0.01 to 0.5% Nb and 0.001 to 0.01% N. 

5. A steel pipe having a low yield ratio characterized in that: the steel pipe contains, in mass, 0.03 to 0.20% C, 0.05 
to1.0%Si,0.1 to 2.0% Mn, 0.001 to 0.05% A1 t 0.01 to 0.5% Nb and 0.001 to 0.01% N, with the balance consisting 
of Fe and unavoidable impurities; the microstructure„of the steel pipe is compose of ferrite and bainite; and the 
average size of the ferrite grains is not smaller than 20 u.m. 

6. A steel pipe having a low yield ratio according to claim 5, characterized in that the content rate of bainite is, in 
volume fraction, in the range from 1 to 15%. 

7. A steel pipe having a low yield ratios characterized in that: the steel pipe contains, in mass, 0.03 to 0.20% C, 
so 0.05 to 1.0% Si, 0.1 to 2.0% Mn, 0.001 to 0.05% Al, 0.01 to 0.5% Nb and 0.001 to 0.01% N, with the balance 

consisting of Fe and unavoidable impurities; the microstructure of the steel pipe is composed of ferrite, martensite 
and bainite, orferrite and martensite; and the average size of the ferrite grains is not smaller than 20 um. ' 



40 



45 



55 



8. A steel pipe having a low yield ratio according to claim 7, characterized In that the content rate of bainite is, in 
volume fraction, in the range from 1 to 1 5% and/or that of martensite is, in volume fraction, in the range from 1 to 
1 5%. 

9. A steel pipe having a low yield ratio according to any one of claims 1 to 8, characterized in that the steel pipe 
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> 

contains, in mass, one or both of 0.0O5 to 0.1% Ti and 0.0001 to 0.005% B. 



10. A steel pipe having a low yield ratio according to any one of claims 1 to 9, characterized In that the steel pipe 
contains, in mass, one or more of 0.01 to 0.5% v, 0.01 to 1% Cu, 0.01 to 1% Ni, 0.01 to 1% Cr and 0.01 to 1% Mo. 
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(54) Steel pipe having low yield ratio 



(57) The present invention provides* a steel pipe 
having a low yield ratio and is: a steel pipe having a low 
yield ratio, wherein the steel pipe contains, in mass. 0.01 
to 0.20% C, 0.05 to 1 .0% Si, 0.1 to- 2.0% Mn and 0.001 
to 0.05% Al, the microstructure of the steel pipe is com- 
posed of ferrite and pearlite, or ferrite and cementite, 
and the average size of the ferrite grains is not smaller 
than 20 itm; and a steel pipe having a low yield ratio, 



wherein the steel pipe contains',' in mass, 0.03 to 0.20% 
C) 6.fJ5 to ) .0% Si, 0.1 to. 2.0% Mn, 0.001 to 0.05% Al, 
0.01 to 0.5% Nb and 6.001 to 0.01% N, the rnicrostruc- 
. ture of the steel pipe is composed of ferrite and bainite, 
or ferrite, martensite and bainite, or ferrite and marten- 
site, and the average size of the ferrite grains is not 
smaller than 20 jxm. 
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